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Abstract v> 

IVe determined HER2 protein overexpression by 
Immunohistochemicai analysis and HER2 gene - 
amplification by fluorescence in situ hybridization (FISH) 
in 215 formalin-fixed, paraffin-embedded breast 
wmors. Pathologist concordance for immunohisto- 
chemicai scoring, and HER2 status concordance, as 
determined by immunohistochemistry and FISH, were 
high for immunohistocl-iemical 3+, /+, and 0 tumors bid 
poor for 2+ tumors. Consensus immunohistochemicai 
scores correlated with absolute and chromosome 17 
(€EPI7hcorrected HER2 gene copy number. Among 
tiER2-nonamplified rumors, the immunohistochemicai 
score and mean absolute chromosome J 7 ( CEP 17) copy 
number were weakly correlated. Seventeen tumors were 
a HER2 -amplified using absolute HER2 gene criteria but 
\ nonamplified when corrected for chromosome l? 

Ipolysomy (8 of these were immnuohistochemical 2+). 
Assessment of benign epithelium within the immune- 
hisrochemical slides revealed either no staining or 
1 basolateral membrane staining, suggesting normal HER2 
| protein expression. Twenty tumors showing similar 
basolateral HER2 immunostaining were all low-moderate 
trade, tubule-forming, and HER2~nonamplifed {P7} or 
borderline amplified (3). Additional studies relating ' 
changes in HER2 gene content due to amplification or 
chromosome 1 7 polysomy and HER2 protein expression 
may be helpful to pathologists who interpret HER2 
Immnuohistochemical slides. Breast tumors scored at 2+ 
should be analyzed by FISH, preferably using a dual- 
probe FISH assay capable of distinguishing HER2 gene 
amplification from chromosome 17 polysomy. 



The human HER2 gene (HER-lfneu, c-erbh-2) encodes 
1 member of a family of 4 transmembrane tyrosine kinases 
(HER 1-4), the prototype of which is the epidermal growth 
factor receptor (HER1, crbB-1) (reviewed in Yarden and 
Sliwkowski 1 ). Various stromal-derived ligands, including 
epidermal growth factor, epidermal growth factor-like 
ligands, and neuregulinx bind HERL HER3, and HER4. 
inducing homodimcrization and heterodimcrization, phos- 
phorylation of cytoplasmic tyrosine kinase moieties, and acti- 
vation of complex signaling pathways essential for cell 
survival, differentiation, and proliferation. 1 * 4 KER2. however, 
is an orphan receptor with no known high-affinity ligand. 
HER2 becomes activated by heterodimerization after direct 
ligand binding by HER I, HER3. or HER4. Thus, the role of 
HER2 in the network of membrane receptor kinases seems to 
be as an amplifying coreceptor for HERl t HER3. and 
HER4. 2 - 3 A specific erbB-2 interacting protein (ERBIN) 
restricts the spariaJ distribution of the HER2 molecule to the 
basolateral membrane of epithelial cells. 5 ERBIN binds 
HER2, but not HER1, HER3, or HER4, and may be involved 
in connecting HER2 to cytosolic and cytonkeletal-associated 
components. 5 

The HER2 gene is central to the oncogenesis and clinical 
behavior of 25% to 30% of human breast cancers. 6 * 1 KER2 
overexpression and/or gene amplification is prognostic for 
node-positive 6 - 7 and node-negative breast cancers, 8 predictive 
for some chemotherapeutic and hormonal agents, and is an 
indication for trastuzumab (Herceptin, Cenentech, South San 
Francisco* CA) therapy in patients with metastatic breast 
carcinoma. 910 The risk of cardiac toxic effects 1 ' and the 
specter of patients with false-positive results accruing into 
breast cancer clinical trials 12 have recently focused attention 
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on the sensitivity and specificity of clinical HER2 assays. As 
Lhc level of HER2 protein overexpression and gene amplifi- 
cation have prognostic and predictive relevance, HER2 
assays must be semiquantitative and reproducible and 
discriminate normal from cancer-associated HER2 protein 
expression or gene content. 13 * 15 

For clinical HER2 determination, tissue-based methods, 
such as immunohistochemicaJ analysis and fluorescence, in , . 
siru hybridization (FISH), have replaced whole-tissue extrac- 
tion methods, such as Southern blot analysis, enzyme-linked 
immunosorbent assay, and polymerase chain reaction, which, 
may require fresh tissue or suffer dilution owing to admixing 
of tumor and normal cells. 16 Frozen section immunohisto- 
chemicaJ analysis, a "gold-standard" method for HER2 over- 
expression, is impractical in the current era of early cancer 
detection, in which tumor size often precludes ancillary 
testing of fresh tissue. 

Immunohistochemical analysis is an attractive method 
for clinical HER2 determination owing to its retrospective 
potential and specific targeting of tumor cells. The plethora - . 
of available antibodies, methods, and grading schemes * J ' 7 ' : 
however, have made standardization impossible. HercepTest ' 
(DAKO. Carpinteria. CA), a formalin-fixed, paraffin- 
embedded (FFPE)-suitabie commercial immunohistochem- 
ical analysis assay, gained approval from the US Food and 
Drug Administration (FDA) in 1998 in part for its promise of 
standardization. 16 Subsequent reports documented low speci- 
ficity of the HercepTest 2+ category compared with gene 
amplification assays such as RSH. 14,18,19 some authors even 
calling for elimination of the 2+ category as a criterion for 
trastuzumab therapy. 20 Others have continued to advocate 
immunohistochemical analysis over FISH for its lower cost - 
and greater availability, proposing manual or digital-assisted 
subtraction of background HER2 immunostaining using-' 1 
benign epithelium as a way of improving HercepTest sped- 
tkity. 1 ** 21 - 22 Benign breast epithelium was available in only 
54% of the HercepTest slides in one recent series, however. 23 
Finally, proposals to subtract background epithelial staining 
have not clearly distinguished membrane-associated 
immunostaining. which may represent normal HER2 expres- 
sion, 5 - 3,24 from cytoplasmic staining, widely regarded as 
nonspecific. 6 - 7 - 16 

One postulated advantage of immunohistochemical 
analysis over FISH for HER2 determination is the potential'/ ;" : 
to detect protein overexpression in HER2-nonamplified 
tumors. Such ovcrexpression-positive/amplification-nega- / ! 
tive tumors occur in 2% to 8% of breast cancers in most' 
series, 25 " 27 but were as high as 29% and 31% in compar- 
isons of the PathVysion (Vysis, Downers Grove, IL) FISH 
assay with the HercepTest immunohistochemical 2 ^ assay 
and the Genentech clinical trials assays. 25 respectively, in a 
study of 900 breast cancers, however. Paulerri et al u found the 



immunohistochcmical-FlSH discrepant tumors behaved clini- 
cally as predicted by FISH. Finally, TAibbs et aJ 20 found thai the 
immunohistochemically 2+/FISH-negative tumors contained 
no detectable HER2 messenger RNA (mRNA), indicating thai 
up-regulation of HER2 gene transcription without gene ampli- 
fication is unlikely. These studies indicate that the majority of 
immunohistochemically positive/FISH-negativc tumors are 
false-positive uiuriunohistochernical results. 

Pauletti et al 25 and Kallioniemi ct al 26 described the 
■ simultaneous enumeration of HER2 genes and chromosome 
17 centromeres by FISH, defining HER2 gene amplification 
as the ratio of HER2 gene copies per chromosome 17 
centromere. Two-color FISH is highly sensitive (96%-98ft> 
and specific (100%) compared with Southern blot analysis. 
The FDA-approved FISH assay, PathVysion, also uses a 
dual-prpbe system for simultaneous enumeration of HER2 
genes and chromosome 17 centromeres in FFPE breast 
tumors. Another FDA-approved commercial FISH assay, 
INFORM (Ventana Medical Systems. Tucson, A2), defines 
HER2 gene amplification as a mean absolute HER2 gene 
cbpy number of more than 4 per tumor nucleus. A study by 
Pauletti et al 14 using the PathVysion FISH system in 900 
breast cancer patients found chromosome 17 correction 
essential for demonstration of HER2 gene amplification; 
others believe it is unnecessary. 20 

We determined the HER2 status of a diverse group of 
primary breast cancer specimens using the HercepTest 
immunohistochemical and PathVysion FISH assays. The 
concordance between 2 experienced surgical pathologist* 
(S.R.M., TJ.L.) in assessing immunohistochemical scores 
was determined. We also compared the HER2 gene and 
chromosome 17 (CEP17) copy numbers in relation to 
irrVmunohistochemical score and attempted background 
subtraction using benign epithelium as has been proposed to 
improve the specificity of the immunohistochemical 2+ 
group. 18 - 21 Finally, we compared 2 definitions of H£R2 gene 
amplification: absolute HER2 copies per tumor nucleus 
(threshold. 4.0) and HER2 copies per chromosome U 
centromere (threshold, 2.0). 



Materials and Rfletthods 



Sarhples" ^ v 

r The study used paraffinized tumor blocks from 21- 
brcast cancers submitted for HER2 analysis from the hospi- 
tals and clinics of the Allina Health System (Minneapolis 
MN), a diverse group of hospitals and outlying clinics in 
upper Midwest. The specimens (1 1 from needle core biop- 
sies, 72 from open or lumpectomy excisioas, 49 from 
tomies. 3 1 from metastatic lesions, and 52 from unspec 
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ir nples) had all undergone fixation in neutral buffered 
fofrnaliru although the specific fixation protocols varied/ 

Ijprnunohistochemical Analysis 

immunohistochemicai analysis was performed as speci- 
fied by the manufacturer using the HexcepTest kit. Briefly. 3- 
m paraffin sections were placed in an oven overnight at 
-7°C. The slides were dewaxed in xylene, rehydrated in 

• ^ded alcohol, incubated in citrate buffer at 95°C (in a water 
\ {j ath) for 20 minutes, and then washed in water for 5 

• minutes. The slides then were placed on an immu^ostaine|^ 
1 (DAKO) using the primary polyclonal antibody and-|>Qlyme£ * 
\ ^tecrion system supplied by DAKO. Following imrnunohis- 

! |0cn emical analysis staining, the slides were placed in hema- 
! toxylin for 1 minute, dehydrated in graded alcohol, cleared 
' in jtylcne, and coverslippcd. 

Two pathologists independently scored slides as 0, K 
. 2 +. or 3+ according to DAKO guidelines. Cytoplasmic 
j fining was ignored. Only invasive tumor was scored. 
! Scores of 0 or 1+ were regarded as immunohistochemically 
j negative and 2+ or 3+ as immunohistochemically positive, 
i Discrepant immunohistochemical scores were resolved at the 
! 2-headed microscope. The consensus irnjnunohistocherriicalvv 
j score was used for comparison with the FISH rcsults.^'-'^ 

Fluorescence In Situ Hybridization 

FISH was performed as specified by the manufacturer, 
with minor modifications. The PathVysion kit includes a 
SpectrumOrange-labeled DNA probe specific for the HER2 

• gene locus and a SpectrumGrcen-labeled probe specific for 
; the alpha satellite DNA sequence at the ccntrgmeric region 

^ \ of chromosome \1 {CEPAlh Briefly, 4-^im-thick paraffin 
'I . sections- wete'eut tfn organosi I ane-coafed -slides, deparaf- 
f'finized, pretreate'd in 0.2N hydrochloric acid and- sodium , 
j thiocyanate a* specified, then digested in protease v sOltitidn |t 
37*C for 12 minutes (rather than 10, as specified m the 
package insert). After washing, the slides wcre.fixed in 
neutral buffered formalin for 10 minutes, washed, dried, 
denatured in 70% formamidc-standard saline citrate, and 
hybridized with the HER2/CEP17 dual-probe mixture. After 
posthybridization washing, the slides were dried, counter- 
gained with 4,6-diaminido-2-phenylindole dihydrochloride 
(DAPI), and coverslipped. Finished slides were stored at 
-20°C and evaluated within 24 hours. 

FISH slides were scored by 1 observer (J.S.) according 

110 the manufacturer's guidelines. SpectrumOrange and Spec- 
trumGrecn signals were enumerated in 60 turridfhu'cl^v 
Total orange (HER2) and green (CEP17) signaT^were 
recorded, as was the HER2/CEP17 ratio. Small samples 
(such as core biopsies) containing fewer than 60 tumor 
nuclei were included if high quality, nonoverlapping rumor 
and normal nuclei were evident. Chromosome 17-correctcd 
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HER2 «ene amplification was defined as an HER2/CEP17 
rario ot r 2.0 or more (as specified by Vysis). HER2/CEP17 
ratios between 2.0 and 5.0. inclusive, were designated "low- 
copy" HER2-amplifed. while those greater than 5.0 were, 
designated "high-copy* amplified. HER2 gene amplification 
using the absolute HER2 gene copy number was defined a* a 
mean of 4.0 or more HER2 signals per tumor nucleus/ 1 
Modal CEP 17 counts per 60 tumor nuclei were taken as the 
chromosome 17 copy number for each case, with modal 
CEP 17 counts of 1. 2. and 3 or. greater indicating chromo- 
some 17 monosomy, disomy, and polysomy, respectively. 

To examine the relationship between the irnmunohisio- 
chemical score and the chromosome 17 copy number of 
HER2-nonamplified tumors, we used both the Vysis-speci- 
ficd HER2/CEP17 ratio of 2.0 and a ratio of 1.8 as thresh- 
olds for amplification. The logic for including the lower 
HER2/CEP17 cutoff of 1.8 was that whereas the 2.0 cutoff is 
a clinical threshold determined by response to CAF 
(cyclophosphamide, doxorubicin, 5-fluorouracil) 
chemotherapy, 29 in theory, the HER2/CEP17 ratio of an 
HER2-nonamp)ificd tumor should be near 1.0 (as the HER2 
gene resides on chromosome 17). Thus, many tumors in the 
HER2/CEP17 ratio interval 1.8 to 2.0 may well be low-level 
HER2 gene-amplified. 

Statistical Methods 

FISH results were compared using total HER2 and/or 
CEP17 signals per 60 nuclei (or normalized to 60 when 
fewer rumor nuclei were available) and the t test method for 
comparison of means. 



Results 

Of 215 tumors, 10 were excluded for analytic failure (7 
FISH. 3 immunohistochemical analysis) and 7 for insuffi- 
cient tumor, leaving 193 samples for dual immunohisto- 
chemical and FISH analysis. 

Pathologist concordance was 78% overall and 95%, 
62%, 75%, and 83% for the 3+. 2+, l+. and 0 immunohisto- 
chemical groups, respectively. When samples were grouped 
as immunohistochemical positive (2+, 3+) or immunohisto- 
chemical negative (0, 1+), pathologist concordance was 92% 
and 96%, respecdvely. 

As classified by manufacturer guidelines. 86 (43.4%) of 
198 cases were positive for HER2 overexpression by 
HercepTest (immunohistochemically positive) and 67 
(33.8%) of 198 were positive for HER2 gene amplificauon 
by PathVysion (FISH-positivc) BTablc ID and ilmagc 10. 
Thirty-four HSH-posiuve cases (51%) were low<opy HER2 
gene-amplified, and 33 (49%) were high<opy amplified. Ail 
high-copy amplified cases were immunohistochemically 
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■Table II 

Immunohistochernical Score and HER2/CEP17 Fluorescence 
In Situ Hybridization Ratio for 198 Breast Tumors* 
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CGP I?, chromosome 17. 

* The unnmnohiMorhcrruca) score is the consensus score by 2 pathologists according 
to Hcn-cpTesi guidelines. The ratio i\ for HER2/CEPP HgnnU in 60 cumor nuclei 
according w PafhVy^jpn guideline*. For proprietary information. «ee the tc,xt, 



positive, while low-copy amplified cases occurred among all 
immunohistochernical groups (Table I). AH 41 3+ immuno- 
histochernical cases were positive by FISH. Of 131 FISH- 
negative cases, 26 (19.8%) were immunohistochemically 
positive (all 2+). Of 67 FISH-positive cases, 7 (10.4%) were 
immunohistochemically negative (immunohistochernical ., 
score 0, 2 cases; immunohistochernical score 1+, 5 cases). 
Among the FISH-positive-immunohistochemically negative 
tumors, the HER2/CEP17 ratio was borderline (2.04-2.14) in- 
5 cases and 2.32 and 4.05 in 1 case each. 

Consensus immunohistochernical scores correlated with 
mean HER2 gene copy number, mean CEP17 number, and 
the HER2/CEP17 ratio ITablc 21. Among 131 FISH-negative 
tumors, consensus immunohistochernical scores were 




weakly related to mean CEP 17 copy number in a trend thai 
approached statistical significance when the FISH threshold 
for amplification was lowered from 2.0 to 1.8 ITablc 31 
Lowering the HER2/CEPJ7 cutoff to 1.8 removed 1 1 tumors 
from the nonamplifled group as defined by.lhe Vysis-speci- 
fied clinical cutoff of 2.O. 29 

HER2 gene amplification as defined by absolute (mean 
HER2 signals per nucleus of 4.0 or more) and by chromo- 
some 17-correctcd (HER2/CEP17, 2.0 or more) criteria 
, agreed in 1 78 (89.9%) of 198 breast tumors iTable 41. Seven- 
. ; teen tumors classified as amplified by absolute criteria were 
nonamplified when chromosome 17-correctcd. Three tumor* 
were HER2-nonamplified by absolute criteria but were 
borderline amplified (HER2/CEP1 7 ratios of 2.02, 2. 1 1, and 
2.17) when corrected for chromosome 17. 

Of 198 immunohistochernical slides. 105 (53.0tf) 
contained sufficient benign epithelium to evaluate back- 
ground imrnunostaining as suggested by Jacobs et al 16 and 
Lehr ct al. 21 Of these 105 slides, 37 (35.2%) demonstrated 
weak to moderate epithelial-associated imrnunostaining thai 
was unrelated to the respective rumor immunohistochernical 
score or FISH grouping (not shown). Of 26 immunohisto- 
chemically 2+/FISH-negau\c cases, 1 1 contained sufficient 
benign epithelium for background assessment. 4 of which 
demonstrated weak to moderate imrnunostaining. The 
pattern of HER2 imrnunostaining associated with normal 
epithelium was one that highlighted the basal and lateral cell 
membranes, while the luminal epithelial surfaces and 
surrounding myoepithelial cells were invariably immunoncg- 
ativc Hmage 21. Review of all 198 tumors revealed 20 with a 
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llmagc II A. Breast carcinoma, immunohistochernical score 3*;!with dense, membrane-associated reaction indicating HER2 
protein overexpression (HercepTest with hematoxylin counterstain, x400). B, Corresponding 2-color fluorescence in situ 
hybriaization image showing dense clusters of SpectrumOrenge (red) signal indicating HER2 gene amplification. HER2/C6P17 
r?.uo = 11.5 Ix 1.000). For proprietary information, see tne text. 
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~* similar basolateral pattern of immunostaining llmagc 31: all. 

"^erc l° w 10 derate grade, tubule-forming tumors with' 
! consensus immunohistochemical scores 6F*1+. 2+^0> : and 3+ 
i . [2, 5, 2, and 1 tumor, respectively. Seventeen of 20 tumors 
; ^ t h basolateral immunostaining were FISH-negative. while 
v 3 were borderline FISH-positive (I HER2/CEPI7 ratio of 
' 1 00 and 2 with ratios of 2.08). 



Discussion 

By using solid-matrix blotting methods and. frozen. 
5 cction immunohistochemical analysis. Slamdh'etM 6 - 
linked HER2 protein overexpression and gene amplification 
with aggressive clinical behavior in a subset of -primary 
brc ast and ovarian cancers. Currently, HER2 assessment for 
clinical -purposes uses immunohistochemical analysis and 
FISH, techniques that permit retrospective and cancer 
cell-specific analysis. 16 following its FDA approval in 1998, 
reports of HcrcepTest false-positive rates approaching 50% ls 
ted to suggestions that FISH replace irrununohistochemical 
analysis for clinical HER2 determination 14 - 25 or that 
HcrcepTest 2+ breast tumors be confirmed by FISH. 19 Tubbs 
et al 20 called for the FDA-mandated retraction of the 
HercepTcst 2+ score as a criterion for trastuzumabf therapy. 
Citing cost-effectiveness and the general availability of 
immunohistochemical analysis, Jacobs et al lfi andrLchr et 
al 2 ' proposed using benign epithelium to correct for back- 
ground immunostaining as a way of improving HercepTcst 
specificity. Background correction was impractical in our 



I 



scries, however, as only 105 (53.0%) of the rumor immuno- 
histochemical slides included sufficient benign epithelium. 
Hoang d al 23 similarly reported that only 54% of their tumor 
HercepTest slides contained benign epithelium, although in 
their series, the normal epithelium appeared unstained. In our 
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ITable 21 

H£R2 and CEP 17 Copies by Fluorescence In Situ Hybridi- 
zation vs Immunohistochemical Score in 198 Breast Tumors* 
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CEPI7. chromosome U. 

' Mean HER" 1 and CEPH *ipnaW per nucleus in 60 tumor nuclei. The 
immunochemical \i the cnnwittut score hy 1 pacholcipb accwdm-^ 
HocenTrti "uidefin«. Tl»e niio i= tor HERi/CEPI? signals m 60 minor nuclei 
according «PathVy«i™ fiuiddine*. K*f proprietary iftlormation. «e the wjti. 



series, 37 of 105 immunohistochemical slides with benign 
epithelium showed detectable immunostaining in a delicate 
basal and lateral membrane pattern, with negative luminal 
surfaces. The basolaceral pattern of immunostaining is 
consistent with reports of HER2 expression in benign epithe- 
lium as detected by light and electron microscopy. 24 ' 30 It is 
unclear from the reports of Jacobs et al 18 and Lehr et al 21 
whether the reported background epithelial HER2 immuno- 
staining pertains to cytoplasmic reactivity, which is generally- 
regarded as nonspecific, or membrane-associated staining, 
which may represent normal HER2 prorein expression. 24 

The low level of HER2 protein associated with normal 
epithelium observed in our series may not have been 
detectable in immunohistochemical assays predating the 
HercepTest, which uses a potent polyclonal rabbit antibody 
reagent, heat-induced epitope retrieval, and polymer detec- 
tion. A molecular basis for the basolateral pattern of normal 
HER2 immunostaining described herein is provided in a 
report describing a specific erbB-2 binding protein, ERBIN, 
which serves to localize the HER2 molecule to the basolac- 
eral membrane of mammalian epithelial cells. 5 



! S^Utoch^. Score and CEP 17 Copy Mjgjft fluorescence In Situ Hybridization in HEIU-NonampnOed 
Breast Tumors' 
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HER2 Gene Amplification Defined by HER2/CEP17 RatW 
and Mean Absolute HER2 Gene Copy Number in 198 : * 
Breast Tumors 



AbwIuUr HER2 
Signals, Mean 

HER2 £4 0 (+) 
HER2 <4.0 I-) 
Total 



HEJU/CEP17 Ratio 



<2.0(-) 



224 (+) 



Total 



17 (+/-) 
115(-/-| 
132 



63 

3 (-/+) 
66 



80 
118 
198 



CEPI7, chromosome 17: +. positive; -. negative 
HfcRZ enwnn follcued by rc<uli by HER2/CEP17 roiio. ""f 0 ;!"? 



Review of our inuuunohistochemical slides disclosed 20 
low to moderate grade, tubu)e-forming rumors with the bi- 
lateral pattern of immunostaining. These 20 tumors were 
predominantly immunohistochemically 1+ (12 cases) or 2+ 
(5 cases) and HER2-nonamplified (17 case*) or borderline 
amplified (2 HER2/CEP17 ratios of 2.08, and 1 of 2 00) It 
would be of interest to know whether the discontinuous, 
partial membrane staining associated with the classic' 
■mmunohistochemical 1 + tumor staining pattern" reflects 
specific HER2 protein localization by the erbB-2 binding . 
protein, ERBIN. * 

Two commercially available. FDA-approvcd FISH- 
assays are available for the determination of HER2 gene 
amplification in FFPE breast tumors. These FISH assays 




Qlmagc 20 Bemgn epithelium in HercepTest 
immunohistochemical slide (tumor not shown). Basal and 
lateral cell membranes are sta.ned.- while luminal surfaces 
(w,th ap,cal snouts) and surrounding myoepithelial cells are 
unstayed (HercepTest w,tr. hematoxylin counterstain ' 
x 1.000). For proprietary information, see the text 



' . differ in whether the threshold for HER2 gene amplification 
is defined by absolute (as in INFORM) or chromosome 
17-corrected (as in PathVysion) HER2 gene copies 
Although we did not compare these 2 commercial FISH 
'assays, by applying the absolute threshold of 4.0 or more 
HER2 signals per nucleus to our series, we found 17 tumors ] 
with chromosome 17 polysemy that were HER2-amplified 
by absolute criteria, but HER2.nonamp)ified when chromo il 
some 17-correctcd. Eight ofthc.se 17 chromosome 17 ] 
polysomic tumors were immunohistochemically 2+ and 
were regarded as immunohistochemical false-positive J 
results. It is unclear whether the HER2 protein observed in I 
these tumors results from the additional chromosome 17 j 
copies (and consequent extra HER2 genes), although amon» ] 
all HER2-nonamplified (FISH-negative) tumors, a weak f 
association was found between immunohistochemical score J 
and mean CEP1 7 copy number that was strengthened if the j 
HER2/CEP17 ratio threshold for amplification was lowered J 
from 2.0 to 1 .8. Finally, 3 tumors (2 with immunohistochem- ! 
»cal scores of 2+ and 1 with a score of 1+) that were HER2 • j 
amplified by chromosome 17 correction (HER2/CEPP J 
ratio, 2.0 or more) contained fewer than 4.0 mean HER2 
genes per tumor nucleus: all had borderline HER2/CEPI7 
ratios (2.02. 2.11. and 2.17). These data corroborate the use 
of a chromosome 17 centromeric probe in correcting for 
chromosome 17 copy number changes when assaying for 
HER2 gene amplification by FISH. 

The relationship between HER2 gene copy number, 
surface HER2 protein density, and clinical behavior is o( 
biologic and clinical interest. I, ,s Any potential benefit from 
trastu2umab therapy among immunohistochemically 2* 
breast rumors would likely be obscured in a clinical study a> 
a result of the heterogeneity of HER2 gene status among Ik 
immunohistochemically 2+ group. Nevertheless, our data 
suggest that clinical trials using only the immunohistochemi- 
: caily; 5+ standard to define HER2 overexprcssion will 
largely select for high-copy (>5 HER2 genes per nucleus > 
r : amplified tumors. Although exclusion of immunohisiochcm- 
: ' ically 2+ tumors would eliminate mnny immunohistochem- 
ical false-posilive results, in our scries, J4 low-copy and 5 
high-copy HER2-ampIificd tumors also would have been 
eliminated. The low-copy HER2-ampli/ied tumors centf iiuic 
a group that may have prognostic relevance 14 and can be 
accurately defined only by 2-color FISH ush)g simultaneous 
probes for HER2 and chromosome 1 7. PISH assays simulw- 
neously enumerating HER2 and chromosome 1 7 copies i 
offer the greatest resolution in detecting breast tumors with J 
* alterations of the HER2 gene. As immunohistochemical j 
methods cannot control for low-level immunostainine thjr | 
: may be normal or possibly the result of chromosome 1' j 
polysomy. and as pathologist concordance for the 2+ croup 





f 



is poor (62% herein), the immunohistochemically 2+ croup ( K (Sff 
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likely will remain biologically and clinically heterogeneous. 
The possibility thai absolute HER2 copy number correlates 
belter with HER2 protein expression level than chromosome 
17-corrected copy number deserves further inves.ti^atiQn. 31 
A recent clinical study using simultaneous probe vfor, the 
chromosome 17 centromere and HER2 gene found.that 'the 
clinical outcome was related to absolute HER2 and to chro- 
mosome 17-corrected HER2 copy number. u 

As in previous studies, 19 ' 23 a strong concordance 
between FISH (using chromosome 17 correction) and 
immunohistochemical analysis was found for the most 
intensely positive (immunohistochemical score 3+) and 
negative (immunohistochemical score 0 or 1+) tumors but 
not for the immunohistochemically 2+ group (approximately 
60% FISH-negative and 40% FISH-positive herein). 

Of 33 tumors with discrepant irnmunohistochernkai.and 
FISH results, 26 were immunohistochemically positive arid 
FISH-negauvc (all immunohistochemically 2+), and 'only 7 



fry.:- ^;.v-. Sk^/ 





linage 31 A {Case 160), Tubular carcinoma. Reaction product 
lightly decorates basal and lateral membranes. Luminal 
surfaces are negative (HercepTest with hematoxylin 
counterstain, x 1.0001. B (Case 122), Moderately 
differentiated ductal carcinoma. Reaction product highlights 
basal and, focally. lateral membranes. Luminal aspects of 
neoplastic cells are unstained (HercepTest with hematoxylin 
counterstain, *1.000). C (Case 64), Neoplastic gland in a 
case of mucinous carcinoma. Reaction product highlights 
basal membrane, with light focal lateral membrane staining 
(HercepTest with hematoxylin counterstain. xi.000). For 
proprietary information, see the text. 



were immunohistochemically negative and FISH-positive 
(all Low-copy HER2-amplified). The clinical significance of 
the immunohistochemically posiuve-HSH-negative tumors 
has been addressed recendy in a large cohort (n = 900) of 
breast cancers, in which no outcome difference was found 
between the immunohistochemically posiuve-RSH-negative 
and the immunohistochemically negative-FISH -negative 
tumors. 1 * In addition, a recent study of mRNA expression in 
breast tumors found the irnmunohistochernically 2-h-FlSH- 
negative tumors expressed no HER2 mRNA. suggesting the 
immunosuining of these single HER2 gene copy tumors was 
not the result of up-regulated HER2 gene transcription. 20 

The clinical significance of the rare (7 of 198) immuno- 
histochemically negative-FISH-positive breast tumors is 
uncertain. In our scries, all immunohistochemically nega- 
tive-FlSH-posiuve tumors were low-copy (2-5 HER2 signals 
per CEP17 signal) HER2-amplifed. Clinical studies using 2- 
color FISH to stratify rumors by absolute and chromosome 
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17-conrected HER2 copy number, with correlation to prog- 
nostic and therapeutic endpotnts, should clarify the immuno-. 
hiscochemicaJly negative-HSH -positive ca5es. 

FISH and the HercepTest assay are highly concordant 
for immunohistochcmicaily 3+ and negative (immunohis to- 
chemical score 0, 1+) breast tumors, although the immuno- 
histochemically 2+ group includes both HER2-amplifed and 
HER2-nonamplified tumors. The mechanisms of HER2 
expression among nonamplilled tumors with immunohisto- 
chemical 1+ and 2+ immunosiaining arc unclear, but may 
reflect intact normal pathways of HER2 expression and 
membrane localization or may possibly involve chromo- 
some 17 polysomy. Detection of normal levels of HER2 
protein on benign epithelium and HER2-nonampIified 
tumors is not surprising given potency of the HercepTest 
assay. ERBIN, a receptor protein specifically localizing^ 
HER 2 to the basolateral membrane, 5 may provide a molec- 
ular basis for understanding the microscopic patterns of 
immunostaining observed in association. with benign epithe- 
lium and some tubulc-forming, HER2-nonamplified breast 
lumors. Finally, when FISH is used to detect HER2 gene 
amplification, use of a chromosome 17 centromeric probe 
(as in the PathVysion kit) is crucial for distinguishing breast 
tumors with low-level HER2 gene amplification from those 
with chromosome 17 poiysomy. It seems unlikely that 
adjustment of the immunohistochemieal score using benign- 
epithelium will improve the specificity of the HercepTest 2+ 1 
group. Continuing advances in early breast cancer detection: 
and the use of smaller biopsy techniques are trends that will' 
lead to smaller biopsy specimens, further reducing the 
amount of additional benign epithelium available as internal 
control tissue. 

From the 'Department of Pathology and the United Hospital 
Breast Center. United Hospital. St Pant. MN; and -Department of 
Pathology and the Virginia Piper Breast Center, Abbott* 
Nonhwextrrn Hospital. Minneapolis. MN. 

Funded by the Breast Cancer Clinical Action Group of the 
Aflina Health System Minneapolis. MN. : 'U ' 

Address reprint requests in Or McCtmmck: Dept of 
Pathology. United Hospital. 333 N Smith Ave. St Paul. MN 55/02..* • 

Acinoix fcdvwnts. We enneftdiv acknowledge the expertise 
of Paula Own], Dnnno SrflWah. and Stu- Knittei in preparing the 
Inst din v'u and itnntttnohixtolfwic sfidvx. 



References 

1 YnrJen Y. Sliwkowski MX. Untanciine. the fcrhB signalling 
network. Nat Rev Mo/ Cell Biol 2001.2:127-137. 

2 k'hppor LN, Cliuhc S. Vot>m;m N. ct nl. The erbB-2/HER2 
oncoprotein of hum.™ car.;iiuim;is nuiy function solely as a 
shtfrcJ coreceptor Mr multiple $troinn-J?rh'ed irowrh faccurs. 
Prttc Mil/ Aeiul .Sd L* S .A. I W:%:4WoOOO." 



Am J Oin Pzihnl 2002; 1 1 7 92S-94."J 



JUL 10 2003 2:35 PM 



3. Grau^Porra D, Beerli R, Daly JM, et al. ErbB-2, the preferred 
hctcrodimcnrjcinn partner of nil crbB receptor*, is a mediator 

.... of lateral signaling. EM BO,/. 1997;16:1647-1655. 

4. flvirden S, Yardcn Y. Neuregulins and their receptors: * 
versatile &igrutlin£ module in Organogenesis and oncogenesis 
Neuron. 1997;18:847-855. 

5. BoreJ-P, Marchecto S, Lc Bivic A, cc al. ERBIN: a basolateral 
PDZ protein that interacts with rhe mammalian ERB2/THER2 
receptor. Nat Cell Bioi 20OO;2;4O7-41 3. 

6. Slamon DJ, Clark CM, Wong SG ( et al. Human breatr 
cancer: correlation of re la pie :*nd .survival with amplification 
of the HER-2/»vu oncogene. Science. 1987;235:177-182. 

7. Slamon DJ r Godolphin W, Jones LA. et al. Studies of the 
HER-2/mu proto- oncogene in human breast and ovarian 
cancer. Sconce. 1969;244:707-712. 

S. Press MF, Pike MC ; Chazin VR, ct al. Her-2/ncu expression in 
. node-negative brea?t cancer: direct tissue quantitation by 
computerized image analysis and association of nvcrcxpressirti 
wijJi increased risk of recurrent disease. Cancer Ret. 
1993:53:4960-4970. 

9. Nicholson BP. Ongoing and planned trial:; of hormonal 
therapy and rrascuiuman. $emm Oncol 2000;27:33-37. 

10. Fomicr M, Eiteva FJ, Seidman AD. Trascu2umah in 
combination wjth chemotherapy (or rhc treatment of 
metastatic breast cancer. Senu'n Oncol. 2 000; 2 7:38-4.5. 

11. Sparano JA- Cardiac toxicity of tmstuzumab (Herccpcin); 
implications for the design of adjuvant trials. Semm Ot\col. 
2001;28:20-27. 

12. Nabholt? ]-M, Slamon Dl. New adjuvant strategies for 
breast cancer: meeting the challenge of integrating, 
chemotherapy and rrastu:umah (Herceptin). Semin Onuii. 

\- 2061;23:1-12. 

13. Department of Health and Human Services, Food and Dm-: 
Administration. Center for Dru£ Evaluation and Research 
Oncologic Dru£i Advisory Committee, Sfith meeting 
[transcript). rlethesda, MD; September 2, 199c. Available;^ 
http:/Avwu'.fda.Kov/ohrnis/dtxkets/oc/cdcr9St.hrm. Acceded 
June 2001. 

14. Paulctti G. DandckarS. Rong H. et al. Assessment of 
methods for r issue -based detection of the HER -linen 
alteration in human breast cancer: a direct comparison ol 
fluorescence in situ hybridization and immunnhiituchemi^" 
J Clin Oncol 2000;18:3651-3664. 

1 5. Mass R. The role of HER' 2 expression in predict ins re*^ 1 "* 0 ! 
to therapy in breast cancer. Semm Oncol 2000;27:46-52. j 

. 16. Rosj JS. Flcrcher JA. HERJ/neu (c-erb-&2) gene and pMein 
; in brar cancer. Am / Clin Pathol. 1999:1 12 (suppl I ):S5 h>c 
17. Press MF, Hung G, Godolphin W, cr al Sensitivity of HEP- j 
2/neu antibodies in archival tissue snmplei: porenrial jiuirci ' •'' 
error in immiinohi.stochemtc;il studies* of oncogene c<yre>^"" 
Concur Res. ] 994;5*1 :2 7 7 1 -2 7 77 " j 

16. Jacots TW, Gown AM. Ynz\j\ I I. el al. Specificir> of 

HercepTest in determining HER- 2/neu itacu* of hrevwf e<\n^' r 
using rhe United States Fi.Kid and Drug Adminiitranon-^ 
npproi cd scoring system. J Clin Oncol 1999,1 7: 1933- 1 - > >'- 

19. Leb™, A. Deimling Q, Kalt: C. et a!. HER-2/neu ^ 
archival tissue sampler of human brea.se cancer: ccnipjri^ 11 * 
immunohLstochemistry and fluorescence in situ hybriJi^ lul1 
JC/in Oncol. 2001;19:354-363. 

20. Tubbs RR. Peiwy JD. Roche PC. cr *I. LXscrciMnc.es in 
"/cliiiicnl IaboMt'.>ry testing of eligibility for tra?ru:uinab 
■•tiier.ipy: apparent immuiiiih^UKheniiciil f:ilse-p» 1 > ir,rc ' : 

'u<x the mew.igc J Clin Onai 2001;19:2714-2721. 



(O American Society let 0>^ lfJa1 
310 820 8483 



21. Lchr 
of HI 
Kybri 
an^f\ 

22. Blooi 
HER- 
icore* 
Poue 
(Jane* 
Chrni 

23. Hoan. 
omplii 
i >vcc c: 
bre-dsr 

24. Vch I- 
£em: ji 
1903; f 

25. Paulct 
<.|uanci 
breuic . 
hybrid 




PAGE .09 



JUL-10-2003 14: 13 



UroGenesys 



ii<>Lucr;il 

fiction 
$2. 

'rh.: 
rian 



n h\ 

<prcssii%n 



2; Lchr H-A. Jacobs TW. Yariji H. ct al Quantitative evaluation 
of HER-2/neu status in breast cancer by fluorescence in sicu 
hybridation and bv immunohiscochemistry with imj^ 
analysis. AmJCMn Pathol. 2001;115:514-622. 

II, Bloom K, de la Torre- Bueno J, Press MR ct al. Compari^rvof 
HER.-2/neu analysis using FISH and IHC when HercepTesc \i 
scored using conventional microscopy and image analysts. : 
Poster presentation at: 23rd Annual San Antonio Brcait 
Cancer Symposium; 2000; Snn Antonio, TX. Poster 41 6. 
Chroma Vision. 

23. Hoang MP, Sahin A A. Ordonez NC. ct al. HER-2/ncit pene 
amplification compared with HER-2/neu protein 
iivcrcxprcssion and inccrohscrvcr reproducibility in invasive 
breast carcinoma. Am J Clin Pathol. 2000;113:852-659. 

74. Yeh I-X Keykhah S, Selig AM. et al. Expression of the er^B2 
gene in benign and proliferative breast tissue. Surf Pathol 
1993;5:109-120. 

25. Pau'Ietri G. Gociolphin W, Press MF, et al. Detection and 
quantitation of HER'2/ncu gene amplification in human 
breast cancer archival material using fluorescence in situ ^ 
hybridization. Oncogene. 1996;13:63-72. 



310 820 8489 P. 10/10 



26. Kallioniemi OP Kalli«>mcmi A. Kurisu W, ct at. EKBB2 
amplification in breasr c:inecr analysed by fluorescence in iilu 
hybridiwrion. Prne Nad Acad Sci USA. 1 992;89:5)2 1-5325. 

27. Persons JQ. Borelli KX H>u PH. Quantitation uf HER-2/ncu 
and c-mvc gene amplification in breast carcinoma uJin^ 
fluorescence in situ h.yhridi^tion. hind Patkni. 1907; 10:720- 
727. 

25. Mas* RD. Sanders C, Ka>ian C. cr al The concordance 
benvcen the clinical trials assay (CTA) and fluorescence in 
situ hybridization (FISH) in rheHcrccpcin pivor.nl trials 
[abstract). Ptoc Anmi Meeting Am Sec Cim QkqL 2000; 19. 

29. PathVysion HER-2 DNA pr;**br Vr ir [package insert]. Dtuvners 
Grove. IL Vysis; 1998. 

30. De Potter CR, Quatacker J. Macrrcns 0, et al. The subcellular 
localization of the ncu protein in human normal and 
neoplastic cells. ImJCdiwr. 1989;44:969-974- 

3 1 . S:ollosi J, Balazs M. Fcucrstcin BG. et al. ERBEV2 
(HER2/neu) gene copy number, pl65 ovcrcxprcwion and 
intratumor heterogeneity in human breast cancer. Cancer Res. 
1995;55:5400-5407. 



:inh 
for 

Oncnt. 



i Drug 
rarch. 

able At: 
:ce»cd 



n of 

lemisrry. *] 



^iponsc 
protein 

S53-S67. 
HER- 

source of 
:pre.\*ion 



i 



t cancers 

>n- 

1987. 

\lysis in 
arisen of 
dization. 



i do not 



ll Pamo/ogy . jj ©American Society for Clinical Pathology 



JUL 10 2003 2:36 Ph 



Am J Clin Pathol 2002:11 7:935-943 943 



310 820 8483 



TOTAL P. 10 
PAGE . 1 



